Background
As a central nervous system depressant, carfentanil's mechanism of action is through reduction of neuronal excitability. [6] Carfentanil is considered of the greatest concern among the fentanyl analogs, [7] and it is believed to cause death through respiratory arrest and pulmonary edema. From November 2016 to April 2017, 61 deaths by carfentanil were reported in eight European countries, with the majority also involving heroin. [8] Carfentanil, a schedule II drug, has concealed itself within the street drug market across North America. The current recommendations for emergency first responders treating a suspected opioid overdose include titrated naloxone doses and bag-valve-mask ventilation for respiratory therapy. [7] According to the American College of Medical Toxicology and the American Academy of Clinical Toxicology, the risk of clinically significant exposure to first responders is low, as incidental dermal absorption of fentanyl analogs such as carfentanil is unlikely to cause opioid toxicity. [9] Carfentanil has also evaded standard gas chromatography/mass spectrometry screening methods [10] in toxicological laboratories due to its potency. In 2016, 223 deaths with confirmed carfentanil concentrations were found in the state of Michigan, [11] and 17 such cases were detected only in Oakland County.
suBjects and Methods
Through a retrospective review, every public death reported to the Oakland County Medical Examiner with a subsequent toxicological result was investigated for carfentanil use. The Oakland County Medical Examiner's Office (OCMEO) investigates and determines the cause and manner of death in any violent, sudden, suspicious, or otherwise unexplained death within Oakland County. In 2017, the US census estimated approximately 1.25 million people resided within Oakland County. This study includes all cases of carfentanil-related deaths in Oakland County over a 6-month period in 2016. Private cases, for which autopsy reports were not available to the public, were excluded from this study. OCMEO maintained a standardized toxicological workup protocol for drug-related fatalities throughout the duration of the study. All autopsies were completed by a forensic pathologist.
Postmortem specimen collection was conducted for all suspected drug-related fatalities. Each decedent's blood was extracted from the matrix source of the femoral artery during autopsy. When no femoral blood was present, specimens were then collected from heart blood or hospital blood. While hospital blood is not common within these 17 reported cases, for cases where it is available, it was collected while decedents were being evaluated in the emergency department. Initially, each decedent received a basic volatile screen and a fentanyl enzyme-linked immunosorbent assay test kit (ELISA). This forensic diagnostic tool confirmed the presence of a fentanyl metabolite. Fentanyl's ELISA cutoff concentration was around 0.5 ng/mL for an analyte of 10 µl or greater. If positive, an expanded postmortem, forensic, quantitative blood test is ordered through National Medical Services (NMS) Laboratories. The specimen sample size provided for an expanded screen ranged from as low as 2 mL of hospital blood to as high as 10.2 mL for femoral blood. Carfentanil spectra were then matched through a spectral library and measured through liquid chromatography and tandem mass spectrometry (LC-MS-MS). The minimum quantification level for carfentanil in femoral blood was 0.10 ng/mL and 0.20 ng/mL for hospital blood. 6-Monoacetylmorphine's (6-MAM) minimum reporting limit was at 1.0 ng/mL for femoral blood and 1.0 ng/mL for hospital blood. The presence of naloxone was also available through NMS's expanded postmortem drug screens which were performed through liquid chromatography/time-of-flight mass spectrometry.
The retrospective sampling approach involved a standardized case review form for each carfentanil-positive death. Each case review form systemically evaluated the decedent's known fatality history collected by EMS or police, postmortem findings, autopsy results, toxicological screenings, and pathological diagnosis by a physician. The value of central interest in each case was the concentration of carfentanil. To characterize the fatality, each case review form gathered the medical and social history, postmortem findings at scene, autopsy results, and toxicological screenings. All available histories documented by the police report, medicolegal investigator, hospital record, and witness statements were reviewed. Evidence of injury and evidence of therapy for each of the decedents in the autopsy report were recorded as well as pathological findings. Demographic determinates such as place of death, age, sex, and preexisting medical conditions were also collected.
results
In these 17 cases, the mean age was 35.7 years; the youngest was 21 and the oldest was 51. Sixty-one percent of the decedents were below the age of 35 years. Fifteen decedents were Caucasian and two were African-American. Only two decedents were female, and the remaining 15 were male.
Based on the history of each case, the pathological findings, and the toxicology results, the cause of death was determined to be drug abuse in ten cases, drug intoxication in six cases, and drug overdose in the final case, per the forensic pathologist's report. Only five of the decedents had preexisting medical conditions verified on autopsy that might have contributed to their cause of death. There was arteriosclerotic heart disease in one 48-year-old male, obesity in one 29-year-old male, and emphysema of the lungs with arteriosclerotic heart disease in one 55-year-old male. One 42-year-old decedent had findings of chronic obstructive pulmonary disease and another 47-year-old male had hypertensive cardiovascular disease. The rest of the decedents were otherwise healthy individuals who had no anatomical evidence of trauma or preexisting disease.
The manner of death reported by the forensic pathologist was undetermined in 16 of the cases. the one exception was suicide by overdose. As reported by next of kin, the case of suicide had a history of self-harm ideation and depression. The decedent had overdosed in a wooded area adjacent to a rehabilitation facility within a church. Nine cases were found dead either in their own home or in an acquaintance's dwelling. Four were pronounced dead on arrival/en route to the hospital; three expired in the emergency room. Table 1 offers the toxicological results. Postmortem toxicology results were interpreted in the context of all available medical evidence. In the 17 decedents' toxicological profiles, 15 had blood samples taken from the femoral matrix source, 1 from heart blood, and 1 from hospital blood. As quantified by NMS laboratories, every case presented with a complex panel of drugs. There was not a single case with only carfentanil in the bloodstream. The largest detected carfentanil concentration was 1.2 ng/mL and the smallest was <0.10 ng/mL. Figure 1 details the case-specific concentrations of carfentanil. The greatest concentration of 6-MAM, detected at 31 ng/mL, was found in conjunction with the largest concentration of carfentanil. The least medicinally diverse case tested positive for carfentanil, naloxone, 11-hydroxy-delta-9 tetrahydrocannabinol (THC), delta-9-carboxy THC, and delta-9 THC. Carfentanil was found to be coupled with antidepressants in seven cases, including bupropion, alprazolam, and O-desmethylvenlafaxine. The greatest mixture of illicit substances included U-47700, furanylfentanyl, diazepam, nordiazepam, free-morphine, free-oxycodone, and diphenhydramine. U-47700 is an emerging nonfentanyl-based synthetic opioid that has about 7.5 times the potency of morphine. [12] This decedent was noted to be on prescribed dicyclomine as well as prednisone. According to the medicolegal investigator report, the decedent had a fresh needle mark on his left antecubital fossa and was holding a syringe in his right hand at the time he was found by EMS. First responders had issued a naloxone kit and "administered one full dose," per investigators. U-47700 was found in conjunction with carfentanil in three instances, which all were derived from femoral blood sources. Table 2 depicts the autopsy results of cases in which fresh needle tracks were localized within the right antecubital fossa or inner aspect of the right wrist. Four cases presented with biventricular hypertrophy and three demonstrated left ventricle myocardium hypertrophy. On internal examination of the respiratory tract, the lumen of the larynx and trachea possessed abundant frothy fluid in 12 cases. All cases exhibited remarkable pulmonary congestion, ranging from moderate to severe pulmonary edema. Table 3 offers a numerical breakdown of the postmortem findings at scene. The six cases of illicit drug paraphernalia included heroin powder, a syringe cap and lighter, sponge with chore boy, glass pipe, and one instance of brown powder, which led to an inconclusive heroin field test. Of the 11 chronic substance users, 7 either actively abused heroin or had used within the past 6 months prior to their death, per family members and friends.
dIscussIon
As the opioid epidemic continues to evolve, there are growing data on postmortem carfentanil concentrations and confirmed overdose deaths. [10] In the Midwest region, it was reported by Shanks and Behonick that there were 262 identified postmortem blood specimens with carfentanil [13] detected by LC-MS-MS. Swanson et al. provided two case reports of carfentanil overdose, which included a heart blood carfentanil concentration of 1.3 ng/mL and another with a heart blood concentration of 0.12 ng/mL from NMS laboratories. In our findings, there was not a single concentration above 1.3 ng/mL. Our study found postmortem concentrations as low as 0.10 ng/mL, thus reaffirming this fentanyl analog's excessive toxicity. While the lethal dose of carfentanil in humans is unknown, it was previously suggested by Prekupec et al. that the relative potency from animal models estimates 20 µg of carfentanil could induce death. [4] With the most detrimental effects relative to other commonly abused drugs, it is evident that carfentanil played a significant role in each death presented. However, it is challenging to pin down the extent that other drugs contributed to the death. Mu-opioid receptor agonists, such as carfentanil, induce adverse side effects such as respiratory depression and apnea. [14, 15] This mechanism of fatality was reflected within the autopsy findings of pulmonary edema in all cases. Noncardiogenic pulmonary edema is a terminal finding associated with multiple opioid intoxications. In particular, the effects of noncardiogenic pulmonary edema from opioid overdose include hypoxemia, respiratory acidosis, and decreased lung volumes and lung compliance. [16] Our results also considered the clinical findings of overdose victims, using lung mass as a diagnostic criterion for acute pulmonary distress.
For first responders reversing the effects of carfentanil intoxication, naloxone acts a mu-opioid receptor antagonist. Due to the predicted potency of carfentanil, Leen and Juurlink. reported that the initial naloxone dose administered by first responders should be greater than the maximum empiric dose (0.4 mg intravenous/intramuscular or 2 mg IN) recommended by the American Heart Association. [17] In addition, Birmingham et al.'s 2-year review examining emergency department overdoses of mixed opioids and heroin showed that the amount of naloxone needed per patient to titrate into consciousness has increased. [18] In review of our toxicological results, naloxone was detected and used to reverse respiratory depression from carfentanil in six instances. In one case, a decedent was found unconscious and given two doses of 0.4 mg naloxone with no vital response en route to the emergency department.
In addition, the methods presented in this study could perhaps provide a template for medical examiner offices to monitor carfentanil-related deaths through standardized toxicological screening. Shoff et al. conducted a study testing a comprehensive and sensitive screening method, through UHPLC-Ion Trap-MS n , to identify carfentanil. [19] They found 134 cases of carfentanil within 375 instances of illicit fentanyl analog use. However, this study only provided carfentanil detection results, without quantification values. Our study's mandate of requesting an expanded drug screen reduces toxicological discrepancies between cases. As the drug market constantly evolves, toxicologists and law enforcement continue to battle the ongoing "revolving door" of synthetic opioids. The expanded blood screen, through LC-MS-MS, can lead to greater accuracy in identifying unique designer drug overdoses. Our methods reaffirm the argument that GC-MS's detection limit for carfentanil is insufficient, [10] even though it is commonly used by medical examiner offices.
Certain limitations of this study merit attention. Of central concern, the small sample size of 17 fatalities prevents the results from reaching any significant conclusion regarding the trends in carfentanil deaths. Perhaps, further studies can instigate collaboration between medical examiner offices to establish testing protocol and quantify the trends in deaths from this opioid. In future research that builds on findings such as these, it may be possible to measure the impact of carfentanil on an epidemiological basis.
conclusIon
This case series investigates the qualitative and postmortem quantitative characteristics of 17 carfentanil-related deaths. There is an alarmingly high mortality rate associated with the abuse of carfentanil and its increasing prevalence has implications. Even though each case here presented with unique polysubstance abuse, it is apparent that carfentanil contributed to their final death. This is attributable to carfentanil's extreme potency with respect to other commonly abused opioids.
